ABSTRACT. The performance of public health systems is an issue of great concern. After all, to assure people's quality of life, public health systems need different kinds of resources. Balanced Scorecard provides a multi-dimensional evaluation framework. This paper presents the application of the Analytic Network Process and Balanced Scorecard in the performance evaluation of a public health system in a typical medium-sized Southeastern town in Brazil.
INTRODUCTION
The performance of public health systems is an issue of great concern (Harrison et al., 2004) . After all, to assure or to improve people's quality of life, huge and increasing amounts of public resourcesare needed (Caballer-Tarazona et al., 2010). However, traditional performance evaluation models are solely based on subjective and, in some cases, paternalistic aspects (Gomes & Andrade, 2012) .
Balanced Scorecard (BSC) provides a multiple-dimensional evaluation framework integrating concerns from four different perspectives: Financial, Customer, Internal Business Process, and Learning and Growth (Kaplan & Norton, 1992) . Since some of these perspectives may conflict with one another (Wu et al., 2009), the BSC framework compromises a multi-criteria decision analysis (MCDA).
Although the Analytic Hierarchy Process (AHP) is the MCDA method with the highest number of scientific publications (Wallenius et al., 2008) , the Analytic Network Process (ANP) is a generalization of the AHP that deals with dependencies (Ishizaka & Nemery, 2013) . Once there are interactions among the BSC's perspectives, the ANP seems to be a proper MCDA method for a BSC-based model to evaluate performance. This paper presents the application of the ANP and the BSC in the performance evaluation of public health systemsin a typical medium-sized Southeastern town in Brazil. Mathematical Modeling (Morabito & Pureza, 2012) is the research method adopted in this work. The modeling of a decision problem with the application of the AHP, ANP, or most of the MCDA methods, consists of three steps: Structuring, Measuring, and Synthesizing (Salgado et al., 2012). Section 2 presents the theory background. Section 3 brings the ANP and the BSC application. Section 4 presents the conclusions and a proposal for further researches.
THEORETICAL BACKGROUND

The Analytic Network Process
The structuring in the AHP results in hierarchies, as can be seen in Figure 1 . The general hierarchy has three main levels: decision is at the top, criteria in the middle, and alternatives at the bottom. Complex decision may involve a number of criteria, which justifies grouping them in sub-criteria or alternatives. In the ANP, structuring results in networks, as can be seen in Figure 2 . As network structures are based on criteria, alternatives and decision objectives, besides stakeholders and environmental influences, which, along with a diversity of alternatives, allow for certain redundancies and provide a better opportunity for capturing more of the influences on the outcome by including tangibles and intangibles (Saaty, 2005) . A group of alternatives or criteria in a network is known as a "cluster" (Saaty, 2001) . Many decision problems cannot be structured hierarchically due to dependencies between and within such clusters (Gencer & Gurpinar, 2007) . Notwithstanding, the ANP is a very useful tool to solve this kind of problems. The AHP and the ANP are successive pairwise comparison processes among criteria and alternatives, rather than simultaneous processes, as the weighted sum model (Ishizaka, 2012). These comparisons are based on the Fundamental Scale of Absolute Numbers (Saaty, 2010), a linear 1-9 scale where 1 is of equal importance (two activities contribute equally to the objective) and 9 is of extreme importance (the evidence favoring one activity over another is of the highest possible order of affirmation).
As in the AHP, the priority vector in the ANP, w, is the right eigenvector of the comparison matrix, A, with λ max corresponding to the maximum eigenvalue (Equation 1).
In the AHP, the alternative priorities corresponding to each criterion are referred to as local priorities and compose the decision matrix. The overall priorities for the alternatives are obtained through an average of the local priorities, weighted by criteria priorities.
In the ANP, all local priorities compose the Supermatrix, S (Equation 2). The overall priorities in the ANP are computed raising S to the Limit Supermatrix, L. The process of raising the power of stochastic matrices was first studied by Andrey Markov (Norris, 1997). The resulting L is also a stochastic matrix; however, all columns have equal value. A Final Matrix, F, can be obtained unweighting the components of L inside their clusters. This way, F comprises the overall priorities of the network elements, as illustrated in Section 3.
Balanced Scorecard
Frustrated due to the inadequacies of traditional performance measurement systems, some top managers have quit financial measures (Kaplan & Norton, 1992) . BSC was developed as a new performance measurement system that gives a fast, but comprehensive, view of the business. Figure 3 presents the BSC framework, which is, in fact, a network structure. A result of the BSC application is the strategy map, a representation of the cause-effect relationships among strategic objectives (Quezada et al., 2013). Figure 4 brings an example of a strategy map.
PERFORMANCE EVALUATION OF PUBLIC HEALTH SYSTEMS
The mayor of a typical medium-sized Southeastern town in Brazil has decided to evaluate the performance of their three Basic Health Units (UBS, acronym in Brazilian Portuguese for Unidade Básica de Saúde). The BSC was the performance measurement system chosen, and with the support from researchers of a local engineering school, the strategy map was established (see Figure 5 ). This network can be classified as a "hiernet" (Saaty, 2001), however, with clusters arranged horizontally. Three perspectives were considered: Customer (C), Financial (F) and Internal (I). From the financial point of view, in addition to the operating expenses (OPEX), we evaluated the quantity of doctors (DRQT) and workers (WKQT). From the perspective of customers, we evaluated the quality of medical attention (DRAT) and reception attention (WKAT). From the internal perspective, working conditions (WKCD) and career and opportunities (CAOP) were evaluated. Table 3 presents results of the performance evaluation of public health systems conducted by patients (AA and AM) or doctors and workers (CT and D2). As can be seen, most patients, doctors, and workers are dissatisfied. Table 4 presents the Supermatrix for the evaluation of public health systems. The criteria had equal local priorities inside their clusters. Performances for UBS were considered independent from each other. Table 5 presents the weighted Supermatrix for the evaluation of public health systems. The clusters had equal overall priorities. The Limit Supermatrix converged, at the hundredths, with the 16 th power of the weighted Supermatrix. Table 6 presents the Final Supermatrix for the evaluation of public health systems. This Supermatrix was obtained reweighting components from the Supermatrix cluster by their sum. UBS A had the lowest overall priority, while UBS C had the highest. However, UBS C had the worst evaluation in three (DRAT, WKAT and WKCD) of the four subjective criteria. Nevertheless, this UBS had the best performance in the financial perspective, since it had less doctors and workers and spent less with surgeries.
We can infer from the ANP and the BSC application presented in this study that the city government should focus on UBS C. The next step would be to investigate the reasons for the bad performance of UBS C in the three subjective criteria. That is, an in loco investigation, with interviews of patients, doctors, and workers, seems the next measure to take. The ANP-BSC joint application presented here suggests UBS C as the starting point. Such investigation may be the subject of a further research.
CONCLUSIONS
The ANP and the BSC were applied to the evaluation of public health systems in a typical medium-sized Southeastern town in Brazil. Three UBS were evaluated according to seven criteria, four of them subjective. Data available, as number of doctors allocated to each UBS, were utilized. Nevertheless, opinion of patients, doctors and workers were also regarded as inputs to the evaluation.
The BSC theory was considered suitable for the evaluation of public health systems by the city administration and the ANP an adequate multi-criteria method, once the BSC deals with networks: strategy maps. However, the resulting network is almost a hierarchy, which means that, with the application of another multi-criteria method, the results achieved could be similar. In addition, the great advantage of using another method is the availability of software, as it is higher for the AHP or the MAUP if compared with the ANP. Nevertheless, the difficulty to run the ANP was not a problem, since the proposed model could be processed with spreadsheets only.
Financial was the most influent cluster, and its influence may explain the highest priority for the alternative (UBS C) with the best performance. Sensitivity analysis is very simple and widely performed in other multi-criteria decision methods. However, in the ANP, this analysis is subject to ongoing researches. After all, in the ANP, the continuous variation of criteria weights may be insignificant comparing with alterations in the model, as the identification of higher dependence among and inside clusters.
